R
eturn to preinjury activity level with an asymptomatic and normally functioning knee are the expectations for most patients who undergo anterior cruciate ligament reconstruction (ACLR). 16 However, studies have shown that up to 38% of patients do not return to their preinjury level of sport after ACLR. 2, 4, 17, 24, [35] [36] [37] Furthermore, even when preinjury level of sport is achieved, it may decline sooner than expected. 1, 10 A study of professional soccer players observed that 95% of athletes returned to the same level of activity as prior to injury 1 year after ACL surgery, but only 62% were still playing at preinjury level 4 years after the procedure. 43 Return to preinjury activity level involves several factors: physical factors, such as muscle strength, proprioception, concomitant injuries, knee stability, and biomechanics, 25, 40 and psychological factors, such as fear of reinjury, lack of motivation, and fear of pain. 3, 4, 21, 23, 38 Meanwhile, objective criteria for patient clearance to return to sport after ACLR is a controversial topic. Common criteria used to clear a patient to return to sport include length of time postoperative, muscle strength, postural stability analysis, the drop vertical jump test, anterior-posterior knee laxity, the single-leg hop test, range of motion, and validated questionnaires. 19, 27, 32 A systematic review found that only 13% of studies used objective criteria to clear patients for return to sport after ACLR. 7 Other review studies evaluating criteria for return to sport also found high variability and poor reporting among studies regarding ACLR published in the literature. 4, 14, 18 Therefore, there is a lack of literature-based objective criteria for return to sport after ACL injury. The establishment of such objective criteria is important to improve the rate of return to sport at the preinjury level as well as to reduce the risk of reinjury, which is still high. 10, 13 The objectives of this study were to (1) evaluate rates of return to sport after ACLR, (2) correlate 3 objective tests (isokinetic evaluation, postural stability analysis, and drop vertical jump test) completed 6 months postoperatively to return to preinjury activity level, (3) correlate patient satisfaction and return to play after ACLR, and (4) compare quadriceps strength deficit cutoff values of 80% and 90% to return to preinjury sport level. It was hypothesized that patients who returned to their preinjury level of sport would have higher scores on the objective tests at 6 months after surgery and greater patient satisfaction compared with patients who did not return to their preinjury level of sport. It was also hypothesized that using the quadriceps strength deficit cutoff values of 80% and 90% would differentiate patients who returned to their preinjury level of sport from those who did not.
Methods
Institutional review board approval was obtained prior to conducting this study, and all participants signed an informed consent form. A retrospective search was conducted from January 2011 to June 2014 through the database of our institution to identify all patients with a complete ACL injury who underwent primary ACLR by a single experienced knee surgeon (senior author) and had completed objective testing at 6 months postoperatively. The diagnosis of ACL tear was made by physical examination and magnetic resonance imaging and confirmed arthroscopically. Exclusion criteria were concomitant ligament injury, meniscal repair, osteochondral lesion higher than grade 2, reinjury during the first 6 months after surgery, contralateral knee injury, lack of adherence to the same rehabilitation program proposed to all patients, and a preinjury activity level that did not correspond to participation in any level of sports activity (Tegner score <5). After screening criteria had been applied, 159 patients were identified as being eligible for the study. Patients were asked to complete 3 questionnaires (International Knee Documentation Committee [IKDC], Lysholm, and Tegner) at a minimum of 1 year after surgery.
Objective Testing
Three tests were chosen based on previous literature regarding objective criteria for return to sport after ACLR: isokinetic evaluation, 12 postural stability analysis, 34 and the drop vertical jump test. 29 All tests were performed at the same location and conducted by the same experienced sports medicine physical therapist. Patients wore appropriate sports clothing and were not allowed to wear any type of brace.
Isokinetic Evaluation
Patients were evaluated using an isokinetic dynamometer (Biodex System III; Biodex, Inc). 12 Patients completed a 10-minute warm-up on a stationary bicycle from 40 to 50 rpm. Knee range of motion was set from full extension to 90° of flexion. Isokinetic concentric knee extensor and knee flexor peak torques were quantified at angular velocities of 60, 120, and 180 deg/s. For this study, we used the values obtained at 60 deg/s as these have been reported as being reliable to assess strength recovery after ACLR. 15 Before testing, patients performed a trial session of 3 repetitions with submaximal effort, followed by a 1-minute pause before the test. Patients performed the test first with the uninjured limb followed by the ACLR limb. Each test consisted of 5 maximal repetitions. The peak torque values of the quadriceps and hamstrings muscles from both limbs were obtained, and the highest value of all 5 trials was used. Quadriceps and hamstrings deficits were calculated as a percentage. To analyze differences using different cutoff values for quadriceps strength deficit as objective criteria, cutoff values of 80% and 90% were used. Peak torques of the hamstring/quadriceps ratio for the uninjured and the ACLR limbs were also calculated.
Postural Stability Analysis
The Biodex Balance System (Biodex, Inc) was used to analyze postural stability on unstable ground. 31, 32, 34 It objectively measures the ability to maintain posture under dynamic stress on a circular platform, with up to 20° of tilting. The system records the movement of the platform away from the initial position, generating data regarding overall stability and anterior-posterior and medial-lateral translations. Patients were positioned at the center of the platform on a single limb. The tested limb was maintained in 10° of knee flexion, with the nontested limb flexed and arms crossed with hands resting on the contralateral shoulder. Patients were instructed to maintain posture at the center of the platform for 20 seconds at level 4 stability testing. Each test was performed 3 times on each limb.
Drop Vertical Jump Test
The drop vertical jump test was performed by dropping from a box, landing, and immediately performing a maximum vertical jump, as described by Noyes et al. 29 The camera was also positioned as reported by Noyes et al. 29 The camera was placed on a stand 1.02 m in height. The stand was positioned 3.65 m in front of a box that was 30.5 cm in height and 38.1 cm in width. The video was advanced frame by frame, and 3 images were captured as still photographs on the frontal view: prelanding, landing, and takeoff. 29 Hip separation distance was measured between the reflective markers placed at the greater trochanter, in absolute centimeters. Normalized knee separation distance was measured between the markers placed at the center of the patella (knee separation distance) and was calculated as knee separation/hip separation distance. The distances were measured in the landing phase, when the patient underwent total downward movement (full phase of deceleration).
Questionnaires
One author, who had no involvement in the clinical care of the patients, administered a survey by telephone and email to patients consisting of 3 questionnaires: IKDC, 20 Lysholm, 26 and Tegner. 39 Complete answers to all questionnaires were obtained from 58 patients. All questionnaires were carried out at a minimum 1 year after surgery, since most patients are usually cleared to return to sport by 12 months post-ACLR.
The Tegner score evaluates the highest level of sports activity before the injury and at the time of assessment using increasing activity levels ranging from level 0 (inability to work by knee problems-certificate or disability) to level 10 (competitive sport: soccer-national and international elite). Since Tegner scores from before injury and at least 1 year postoperatively were collected, the Tegner score was used in this study to evaluate the return to preinjury level of activity, dividing patients into 2 groups: those who returned to their preinjury level of sport (difference in Tegner score before and after surgery ≤0) and those who did not (difference >0).
The Lysholm score is a patient-reporting outcome questionnaire that estimates knee function in 8 categories: limp, use of cane or crutches, locking sensation in the knee, giving way sensation from the knee, pain, swelling, stair climbing, and squatting. The IKDC is another subjective patient-reporting outcome questionnaire frequently used in the literature to evaluate patients after ACLR. The IKDC has 3 categories: symptoms, sports activity, and knee function. Both the Lysholm and IKDC are scored from 0 to 100, with 100 representing the best possible result.
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Statistical Analysis
A post hoc power analysis using G*Power 3.1.9.2 (Franz Paul) software was used to determine the power of the present study. Based on the results regarding correlations between return to preinjury level (Tegner score ≤0 or >0) and all other variables, effect sizes from 0.24 to 3.03 were calculated. With these effect sizes, an alpha of 0.05, and sample size of 58, a power ranging from 0.15 to 0.94 was calculated. Statistical analysis was performed using SPSS version 15 (IBM Corp). Chi-square and logistic regression analyses were used for categorial dependent variables, while normality was checked using the Shapiro-Wilk test for continuous variables. Student t tests, Pearson correlation, or analyses of variance using Bonferroni post hoc testing were used for continuous dependent variables. The level of statistical significance was set at P < 0.05.
Results
This study included 58 patients with ACL tears confirmed arthroscopically, all of whom had complete objective test results and outcome questionnaire data available. Patients had a mean age of 34.5 ± 11.3 years at the time of surgery, and 81.1% were men. Outcome questionnaires were completed at a mean of 2.1 years (range, 1.0-4.4 years) post-ACLR. The rate of return to preinjury level of sport was 53.4%. The rate of return to any sports activity was 84.4%. The objective test results for those who were (n = 33) and were not (n = 25) able to return to their preinjury level of sport are presented in Table 1 . Those who did return to their preinjury level of sport showed significantly higher Lysholm (91.6 ± 9.7 vs 76.7 ± 15.4) and IKDC (83.6 ± 10.6 vs 69.8 ± 14.6) values compared with those who did not (P < 0.001). No significant differences were noted between groups regarding isokinetic evaluation (P > 0.05), postural stability analysis (P = 0.60), and drop vertical jump tests (P = 0.96) ( Table 1) . No significant differences were found when comparing quadriceps strength deficit using cutoff values of 80% and 90% in return to preinjury activity level (Tegner) and subjective reported knee outcomes (Lysholm and IKDC) ( Table 2) .
discussion
The main finding of this study was that the deficit of quadriceps strength, regardless of the cutoff value used (80% or 90%), did not predict return to preinjury level of sport at 6 months postoperatively. There is no consensus in the literature on the quadriceps strength deficit to be used as an objective parameter for return to sports. Published values vary from 75% to 90%. 19, 27, 33 In this study, patients were divided into 2 groups using the value of quadriceps peak torque compared with the uninjured side: 80% cutoff (quadriceps deficit ≤20% and >20%) and 90% cutoff (quadriceps deficit ≤10% and >10%). These values are the most commonly used, 19, 27 and we compared these 2 groups with the objective of evaluating whether the difference between the application of 1 of the 2 cutoff values (80% or 90%) at 6 months postoperatively was relevant in identifying patients who would return to their preinjury level of sports activity. No significant difference between groups was found, thus rejecting the hypothesis. This result is interesting because the isokinetic evaluation as a single objective criterion is used by many surgeons. To clear a patient to return to sport based on the restoration of muscle strength in the operated limb compared with the contralateral limb should be addressed with caution, since the contralateral limb may be at greater risk of a second ACL injury. 41 Thus, the comparison of muscle strength between the ACLR and the uninjured limb, which is also at a greater risk of sustaining an ACL tear (ie, not an ideal model for comparison), should not be used as the only criterion for return to sport.
Currently, determination of return to sports after ACLR lacks adequate published criteria. As a recent study stated, only 13% of studies report objective criteria with this purpose. 6 The present study aimed to relate which criteria applied at 6 months after surgery would be associated with a higher rate of return to preinjury level of sports activity. In this study, patients were also divided into 2 groups: those who were and were not able to return to their preinjury level of sport. However, no betweengroups differences were observed regarding the 3 objective criteria tests when applied at 6 months postoperatively, rejecting this hypothesis. The rate of return to preinjury level of sport (53.4%) in this study is lower than that reported by previous studies. 1, 2, 4, 30 Since there are several factors involved in return to sports after ACLR that were not addressed in this study (eg, psychological factors), it is not possible to suggest a specific reason for the lower return to preinjury rate presented. Meanwhile, the rate of return to sports activity (84.4%) observed in the present study is similar to the literature. 2, 4, 22, 30 Regarding subjective outcome questionnaires, patients who returned to their preinjury level of sport were more satisfied with their ACLR compared with those who did not. This is in concordance with the literature. A previous study reported that patients who returned to play were more satisfied with the outcome of surgery compared with those who did not. 30 Postural stability and drop vertical jump tests were not significantly correlated with other parameters evaluated in this NRPS, nonreturn to preinjury sports level; RPS, return to preinjury sports level.
study. The lack of relation between better scores in the isokinetic evaluation and better scores in the stability and drop vertical jump tests is interesting because of the debatable competence of the isokinetic evaluation to be able to analyze the patient's capacity to perform complex sports gestures that require not only muscular strength but certainly other abilities, such as proprioception, balance, and correct sport-specific technique. Future studies should evaluate objective criteria tests other than those used in this study and correlate them with return to preinjury level of sport since there is still a lack of literature on objective criteria that may aid the decision for a safer return to sport activity. This study has several limitations. Because of the retrospective design of this study, as the outcome questionnaires were collected on patients up to 4 years postoperatively, there was a risk of recall bias at the time of follow-up. Another limitation is the lack of information about secondary factors that could determine return to sport after ACL injury, such as psychological factors, and were not addressed in this study. Additionally, sports activity level was based on self-designation, which may have led to some misclassification. Finally, the questionnaires were administered via telephone or email instead of self-administered using paper. However, previous studies have shown that telephone interview and web surveys are reliable and have comparable results to those of self-administered paper questionnaires. 5, 8, 11, 42 conclusion The data from this study show that the deficit of quadriceps strength, regardless of cutoff value (80% or 90%), at 6 months postoperatively does not predict return to preinjury sports level. Therefore, quadriceps strength deficit should not be used as the single criterion for return to sport after ACLR. Patients who returned to their preinjury level of sport were more satisfied with their ACLR than those who did not.
